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SUMMARY 


The  objective  of  this  work  was  to  verify  and  reproduce  experimental  observations  of  Cold  Nuclear 
Fusion  (CNF),  as  originally  reported  in  1989  by  Fleischmann,  Pons,  and  Hawkins  (see  reference  1). 

The  method  was  to  start  with  the  original  report  and  add  such  additional  information  as  became 
available  to  build  a  set  of  operational  electrolytic  CNF  cells.  Verification  was  to  be  achieved  by  first 
observing  cells  for  neutron  production,  and  for  those  cells  that  demonstrated  a  nuclear  effect,  careful 
calorimetric  measurements  were  planned. 

The  authors  concluded,  after  laboratory  experience,  reading  published  work,  talking  with  others  in 
the  field,  and  attending  conferences,  that  CNF  probably  is  chimera  and  will  go  the  way  of  N-rays  and 
polywater. 


By 
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INTRODUCTION 


The  objective  of  this  work  was  to  verify  and  reproduce  experimental  observations  of  Cold  Nuclear 
Fusion  (CNF)  as  originally  reported  by  Fleischmann,  Pons,  and  Hawkins  (reference  1).  The  method 
was  to  start  with  the  original  report  and  add  such  additional  information  as  became  available  to  build 
a  set  of  operational  electrolytic  CNF  cells.  At  the  start  of  this  work,  it  was  expected  that  additional 
details  on  the  proper  construction  of  reliable  cells  would  be  available  by  the  time  the  necessary  mate¬ 
rials  and  monitoring  equipment  could  be  gathered  and  set  up.  (Pons  had  announced  that  a  paper  con¬ 
taining  just  such  information  was  to  be  published  in  the  Fall  1989.)* 

Verification  was  to  be  achieved  by  first  observing  cells  for  neutron  production,  and  for  those  cells 
that  demonstrated  a  nuclear  effect,  careful  calorimetric  measurements  were  planned.  The  reason  for 
looking  for  neutrons  first  is  this  would  be  the  mou  sensitive  and  immediate  test  of  the  presence  of  any 
putative  nuclear  effect  rather  than  looking  first  for  heat,  which  would  require  more  extensive  data 
analysis  to  confirm.  The  detection  of  neutrons  is  uniquely  valuable  as  confirmation  of  the  proposed 
fusion  scenario  as  they  are  a  product  of  the  claimed  and  most  likely  reactions  (1  and  2,  table  1). 

They  are  also  a  product  of  most  other  conceivable  reactions  given  the  constituents  of  the  cell.  The 
exceptions  are  reactions  7,  8,  and  11.  Because  of  reaction  11,  some  of  the  cells  were  monitored  with 
gamma  ray  detection  equipment.  Also,  because  of  reactions  7,  8,  and  11,  it  was  decided  to  have  the 
palladium  anodes  analyzed  for  3He  and  4He  “ash,”  which  would  be  expected  to  remain  in  the  metal 
lattice  once  produced  there. 


Table  1.  Some  fusion  reactions.  The  *  indicates  reactions  involving 
significant  constituents  of  a  CNF  cell. 


Reaction 

Number 

Reaction 

Fusion  Cross  Section, 
Barns 

•  r 

D?  +  Df  -»  He!(0.82MeV)  +  n(2.45MeV) 

io-2 

*  2* 

Di  +  Di  -*  Ti(l.OlMeV)  +  Hj(3.02MeV) 

10‘2 

’  3 

D?  +  Tj  -»  He!(3.5MeV)  +  n(14.  lOMeV) 

2 

4 

Df  +  He|  —  He!(3.6MeV)  +  H](14.7MeV) 

2  x  ir3 

5 

T?  +  Tf  ->  He!(3.8MeV)  +  2n(7.6MeV) 

10'2 

6 

He!  +  He!  He!(4.3MeV)  +  2Hi(8.5MeV) 

• 

Df  +  Li$  -*  2He!  +  22.4MeV 

•  8* 

H{  +  Lif  -*  2He!  +  17.4MeV 

10'3 

9 

Li®  +  n  -*  He!  +  T3  +  4.6MeV 

10~3 

*  10" 

Li!  +  Df  -*  Be!  +  n  +  15.0MeV 

10-6 

*  11 

H|  +  D?  ^  He  +  y(5.4MeV) 

+  Branching  ratio  1 : 1 

#  Natural  lithium  contains  7%  eLi  and  93%  7Li. 


•Reported  in  alt. fusion  (Usenet)  1989. 
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In  the  meantime,  it  was  reported  in  various  places  (references  2  and  3)*  that  neutrons  had  been 
observed  in  certain  circumstances  in  conjunction  with  D2  gas  loading  of  titanium  and  other  metals  and 
materials.  While  waiting  for  further  developments  on  the  electrolytic  cell  front,  we  pursued  the  phe¬ 
nomenon  of  fractofusion,  as  the  gas  experiments  were  called.  We  will  describe  the  results  of  both  of 
these  efforts  in  this  report. 


NEUTRON  DETECTOR 


The  neutron  detector  used  for  these  tests  was  a  completely  packaged  unit  built  into  a  metal  suit¬ 
case  that  afforded  electrostatic  shielding  for  the  detectors  and  self-contained  electronics.  It  was 
battery-powered,  although  it  was  on  charge  for  most  of  the  long  tests.  The  sensor  element  consists  of 
34  3He  detectors  arranged  in  three  independent  layers  in  a  solid  moderating  block  (see  appendix  A . 
The  count  from  each  of  the  three  layers  as  well  as  the  sum  of  all  the  detectors  were  brought  out  and 
recorded  separately.  The  neutron  measurements  were  made  with  both  the  neutron  detector  and  the 
sample  tested  in  a  cave  made  of  thick  moderating  material  that  surrounded  the  two  units  on  the  sides 
and  bottom.  The  detector  itself  was  sealed  inside  a  plastic  bag  with  desiccants  to  minimize  the  effects 
of  condensation  from  the  liquid  nitrogen  (LN2)  used  to  temperature  cycle  the  Ti  +  D2  samples. 

The  overall  detection  efficiency  for  the  suitcase  detector  in  the  cave  using  252Cf  sources  was 
10.3%.  That  is,  10.3%  of  all  the  neutrons  emitted  by  the  source  were  captured  and  counted  by  the 
detector.  The  calibration  measurements  were  made  with  the  high-pressure  gas  cylinder  used  for  the 
Ti  +  D2  tests  in  place,  and  it  was  assumed  that  the  changes  in  efficiency  when  the  dewar  with  LN2 
was  in  place  around  the  pressure  vessel  or  the  electrolytic  cell  was  in  the  test  position  were  minor  and 
did  not  materially  change  detection  capability. 

The  data  were  recorded  on  two  systems.  The  three  individual  layer  data  were  directed  to  three 
4096-multichannel  scaler  inputs  controlled  by  a  80386  microprocessor.  A  continuous  record  of  rate 
versus  time  was  recorded  for  eacn  input.  The  time  interval  per  channel  (normally  5  or  50  milliseconds 
in  these  tests)  and  the  total  number  of  4096  records  dumped  to  a  40-megabyte  disk  were  selectable  at 
the  keyboard.  The  data  were  processed  after  the  tests  for  changes  in  total  count  from  all  three  layers 
and  for  the  number  of  time  intervals  with  multiple  neutrons  in  individual  layers  or  in  any  combination. 
The  multiple  neutrons  could  be  attributed  to  bursts  of  neutrons,  a  characteristic  prominent  in  cold¬ 
fusion  literature.  The  three-layer  data  also  afforded  a  reliability  check  for  electrical  interference  or 
detector  malfunction. 

With  the  second  recording  system,  the  integrated  count  from  the  sensor  was  treated  either  of  two 
ways:  (1)  the  total  count  was  recorded  on  a  1024-multichannel  analyzer  and  displayed  for  realtime 
monitoring  normally  in  1-  or  10-second  intervals,  or  (2)  the  signal  was  directed  to  a  coincidence  cir¬ 
cuit  to  test  for  multiple  neutrons  and  that  result  taken  to  the  multichannel  analyzer.  The  coincidence 
window  was  normally  set  to  250  microseconds.  The  moderating  time  of  the  cave-detector  setup  was 
measured  at  5b  microseconds  using  a  low  level  252Cf  source,  which  produces  approximately  3  neutrons 
per  fission.  Based  on  these  data,  the  250-microsecond  window  was  almost  4.5  times  the  moderation 
time  constant  and  should  include  99%  of  the  neutrons  issued  in  multiples  from  a  single  reaction.  The 
number  of  coincidence  events  were  summed  at  the  multichannel  analyzer  in  10-,  40-,  or  80-second 
intervals,  depending  upon  the  expected  length  of  the  test. 


‘Also  reported  in  sci. physics. fusion  (Usenet)  1989. 
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NEUTRON  BACKGROUND 


The  background  counting  rate  from  cosmic  ray  neutrons  averaged  approximately  1  count/second 
(cps).  Over  the  months  of  the  measurement,  the  background  taken  before  and/or  after  each  run 
varied  from  0.88  to  1.1  cps.  The  changes  reflect  the  presence  of  different  test  cell  configurations 
within  the  measurement  cave  as  well  as  small  changes  in  cosmic  neutron  background  observed  over 
multiday  periods.  The  one  sigma  error  bar  on  these  measurements  was  normally  less  than  0.005  cps. 

The  counting  rate  from  background  from  the  250-microsecond  coincidence  circuit  with  the  pres¬ 
sure  vessel  in  place  averaged  0.0095  cps.  These  counts  are  attributed  to  cosmic  rays  that  react  and 
produce  bursts  of  neutrons  from  materials  within  the  cavity.  As  a  test,  the  pressure  vessel  was 
removed  and  71  kg  of  Pb  in  the  form  of  bricks  were  placed  in  the  cavity  with  the  detector.  The  cos¬ 
mic  ray  interaction  rate  increased  significantly  and  the  coincidence  rate  jumped  to  0.204  cps. 


FRACTOFUSION  DISCUSSION 


A  mechanism  has  been  proposed  by  Takeda  and  Takizuka  (reference  4)  and  others  (reference  5) 
to  account  for  some  of  the  more  modest  observations  of  CNF.  This  has  been  dubbed  fractofusion  and 
is  based  on  earlier  work  on  fractoemission  (references  6,  7,  and  8).  The  phenomenon  occurs  when 
microcracks  form  in  materials  and  charges  appear  on  the  crack  surfaces  due  to  uneven  breaking  of 
bonds.  Very  large  electric  fields  may  result  that  may  persist  long  enough  to  accelerate  ions  and  other 
free  particles  in  the  crack  to  high  energy.  If  the  ions  happen  to  be  deuterium,  they  may  acquire 
sufficient  energy  (up  to  100  kev)  to  undergo  fusion.  This  is  actually  “hot”  fusion.  Figure  1  illustrates 
the  situation  in  which  a  crack  of  length  /,  width  w,  and  depth  d  forms  in  palladium.  The  crack  may 
be  caused  by  physical  stress,  deuterium  loading,  or  other  mechanical  means.  In  the  case  of  a  metal 
such  as  palladium,  the  charges  formed  will  quickly  neutralize  due  to  currents  around  the  crack 
(arrow).  The  question  becomes  one  of  comparing  the  RC  time  constant  for  this  process  to  the  time  it 
takes  for  an  ion  to  accelerate  to  say  10  kev  before  the  fields  dissipate.  It  must  also  be  true  that  the 
crack  forms  in  a  time  less  than  RC.  Based  on  some  fairly  reasonable  assumptions,  we  can  calculate 
these  times.  The  following  discussion  is  based  on  a  talk  given  by  F.J.  Mayer,  University  of  Michigan 
at  the  Workshop  on  Cold  Fusion  Phenomenon,  Same  Fe,  NM,  May  23-25,  1989. 

First,  we  show  the  limits  placed  on  RC  by  the  speed  of  crack  formation.  From  figure  2  we  see 
that  if 


w 

RC>  — 
v* 


(1) 


where 


vs  (speed  of  sound)  =  2000  m/s 


(2) 
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the  charges  will  not  have  sufficient  time  to  move  during  crack  formation.  Thus,  for  two  reasonable 
values  of  w  it  must  be  that 


vv  =  0.1  micron  -»  RC  >  50  ps 
w  =  1.0  micron-*  RC  >  500  ps  . 

Next  we  calculate  RC.  The  resistance  of  a  conductor  is  given  by 


RC  = 


Pd2  2  x  icr16 
0  w  6  w 


Figure  1.  Electric  fields  produced  in  the  crack  will  decay  with  time  constant 
RC  as  the  surface  change  density  shorts  out  around  the  crack. 


Figure  2.  Crack  of  width  w  forms  in  bulk  material  at  speed  of  sound, v*. 


where  (refer  tc  figure  1) 

q  (.esistivity  of  Pd)  -  11  x  10~s  ohm-m 

(6) 

A'  (area  normal  to  current  flow)  =  Id 

(7) 

6  ~  100  A  =  lx  ir8  m 

(8) 

while  the  capacitance  of  a  parallel  plate  capacitor  is 

„  A  Id 

C  =  c0—  =  e0  — 
w  w 

(9) 

where 

e0  (permittivity)  =  8.85  x  10~12farad/m 

(10) 

A  (area  of  capacitor)  =  Id  . 

(ID 

Therefore,  we  have 

pd2 

RC  =  2e0 

wo 

(12) 

_  2  x  10'lod2 

= - s. 

w 

(13) 

Referring  to  figure  3  we  see  that  for 

w  =  0. 1  micron  -*■  a  >  200  niicrons 

(14) 

w  =  1.0  micron  -»  d  >  2000  microns 

(15) 

that  is,  d  must  be  greater  than  these  values  in  order  that  RC  will  be  long  enough.  The  time  for  a 
teriurr.  ion  to  accelerate  across  the  width  of  the  crack  may  be  determined  by  integrating  the  force 
equation  for  a  charge  in  a  uniform  electric  field 

deu- 

d2x 

F  =  eE  -  m — =- 
dt 1 

(16) 

where 

^(charge  of  ion)  =  1.6  x  10'19C 

(17) 

£  (electric  field)  =  — 
fo 

(18) 

a  (surface  charge  density  of  capacitor) 

(19) 

m  (mass  of  ion)  =  2  x  1.67  X  10‘27kg 

(20) 

so  upon  integrating  over  x  from  0  to  w  we  have 

/  2mw 

V  et 

(21) 
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For  the  surface  charge  density,  we  assume  one  charge  per  10  square  lattice  sites,  which  for  palladium 
(lattice  constant  4  Angstroms)  amounts  to 

1.6  x  1Q-WC 

°  ~  10(4  x  10 ~w)zm2  (22 

=  0.1  C/n,7  . 


This  gives  an  electric  field  in  the  crack  of 

£  =  1  x  1010  volts/m 


so  that 

i  =  2  x  1  O'9  ,V  s  .  O 


RC  TIME  CONSTANT  FOR  “CAPACITOR"  IN  FIGURE  1 


d  (microns) 


Figure  3.  Discharge  time  for  free  charges  around  a  crack  of  width  w  and  depth  d. 


Comparing  this  t  with  RC  we  see  for  our  two  cases 


w  =  0.1  micron  -*  i  >  0.6  ps  and  RC  =  80  ps  (25  i 

w  =  1.0  micron  -»  t  >  2  ps  and  RC  =  800  ps  (26) 

so  that  there  is  plenty  of  time  for  the  acceleration  of  the  ions.  Also  note  that  the  ion  will  acquire  an 
energy  (in  ev)  of 

E  =  Ew  (27) 

in  traversing  the  crack.  Having  demonstrated  the  plausibility  of  having  10  kev  D  ions  in  palladium,  the 
next  issue  is  a  cross  section  for  fusion  and  fusion  rates. 

Clearly,  what  is  important  here  is  the  number  of  fusions  per  crack  rather  than  the  number  of 
fusions  per  D  per  second,  as  is  usually  reported.  The  reason  is  that  for  the  mechanism  of  fractofusior. 
these  fusions  are  not  continuously  produced  and,  therefore,  the  relevant  rate  becomes  the  crack  rate. 
The  fusions  per  crack  are 

ik  ■  [>][>] 

where  the  first  factor  in  square  brackets  is  the  fusion  probability  for  1:1  Pd-D  and  the  second  factor 


in  square  brackets  is  the  number  of  ions  in  the  crack.  Here 

a  =  a(E)  (fusion  cross  section)  (29) 

O 

a  (lattice  constant  for  Pd  or  Ti)  =  4  A  (30) 

t]  (fraction  of  unbalanced  charge)  =0.1  (31) 

S  (area  of  crack)  =  1000  n  x  100  n  =  1  x  10"7m:  .  (32) 


The  cross  section  is  a  function  of  energy  and  is  shown  in  figure  4.  This  curve  is  from  an  empirical 
formula  given  by  Artsimovich  (reference  9).  Note  that  this  is  the  cross  section  for  monoergic  deuter- 
ons  and  not  for  a  plasma.  Scaling  this  curve  by  the  above  factors  gives  figure  5,  the  number  of 


Mil] 


10000 

D  ENERGY  lev) 


100000 


Figure  5.  Fusions  per  crack  (crack  area  10‘7  m2). 


fusions  expected  per  crack  as  a  function  of  D  energy.  Note  that  for  energies  of  a  few  10s  of  kev,  the 
number  of  cracks  required  to  produce  a  neutron  gets  down  to  about  10  or  so.  Thus,  it  seems  plausi¬ 
ble  that  under  some  set  of  favorable  circumstances  fusions  might  be  detectable  from  this  mechanism. 


FRACTOFUSION  EXPERIMENTS  (Ti  +  D2  GAS  TESTS) 


The  principal  goal  in  the  Ti  +  high  pressure  D-  gas  tests  was  to  identify  neutrons  generated  as  the 
deuterium-loaded  titanium  was  temperature-cycled  from  room  temperature  to  77 °K  (with  LN2)  and 
back  to  room  temperature.  It  has  been  suggested  (reference  4)  that  the  neutron  could  be  the  result  of 
deuterium  atoms  accelerated  by  voltages  generated  when  the  leaded  titanium  lattice  cracks  under 
stresses  generated  by  the  changing  temperature.  Deuterium  atoms  accelerating  in  the  gap.  collide  and 
react  with  other  deuterium  atoms  in  the  gap  or  bound  in  the  titanium.  Early  reports  of  neutron  bursts 
(reference  10)  using  this  approach  were  later  withdrawn,  but  the  mechanism  of  accelerating  particles 
by  fracturing  materials,  particularly  insulators,  is  well  established  (reference  11)  and  the  possibility  of 
generating  neutrons  by  fractofusion  is  worth  investigating. 

The  general  test  setup  was  described  earlier.  The  pressure  vessel  was  a  1-liter,  stainless-steel  bottle 
loaded  with  225  grams  of  “pure”  titanium  in  the  form  of  strips  1  cm  wide,  18  cm  long,  and  0.025  cm 
thick  and  pressurized  to  600  psi  (room  temperature)  with  deuterium  gas  (99.8  atom  %  D).  The  tita¬ 
nium  was  cut  from  sheets,  degreased,  and  then  dried  in  a  vacuum  oven  at  496 °C  for  at  least 
96  hours.  Midway  through  the  tests,  the  titanium  strips  were  removed,  examined,  and  then  degreased 
and  dried  a  second  time  before  reloading  and  pressurizing  the  pressure  vessel.  A  thermocouple  was 
attached  to  the  outside  of  the  pressure  bottle,  and  the  voltage  was  referenced  to  an  ice  bath.  The  out¬ 
put  was  recorded  every  10  seconds  throughout  each  temperature  cycle. 

All  told,  six  complete  temperature  cycles  were  recorded  and  analyzed  for  neutron  production. 

Five  were  high-pressure  runs  from  room  temperature  to  liquid  nitrogen  and  back  to  room  tempera¬ 
ture.  One  started  at  high  pressure  was  cooled  to  liquid  nitrogen  temperature  and  held  for  approxi¬ 
mately  1  hour  while  the  D2  gas  was  released  and  the  pressure  vessel  evacuated  to  2  x  10-5  torr.  The 
unit  was  then  wanned  slowly  to  room  temperature.  The  temperature  cycle  data  cover  approximately 
124  hours.  In  addition,  aperiodic  background  runs  were  made  at  room  temperature  with  the  pressure 
vessel  in  place  30  hours. 

The  limits  of  detection  for  the  overall  system  are  determined  by  the  detection  efficiency  (i.e., 
10.3%  per  emitted  neutron),  the  background  rates  for  each  mode,  and  the  integrating  time  used  for 
the  measurement.  For  the  gross  count,  with  a  background  rate  of  1  cps  and  a  1-second  measurement 
interval,  an  extra  6  or  7  cps  for  several  seconds  would  be  statistically  significant.  The  probability  'of 
8  counts  (7+1  from  background)  from  background  only  is  approximately  1 0-6,  but  there  were 
0.5  X  106  sample  periods  in  the  124  hours  of  testing  and  one  or  even  two  bins  with  8  counts  in  the 
overall  period  are  to  be  expected.  To  consistently  add  6  or  7  extra  counts  to  a  1 -second  time  bin,  the 
neutron  rate  in  the  pressure  vessel  should  be  60  to  70  n/s.  If  the  time  interval  is  10  seconds,  the  neu¬ 
tron  rate  could  be  17  to  18  n/s,  and  if  you  integrate  for  1  minute  a  rate  of  6  n/s  for  several  minutes 
would  be  readily  detected  and  recognized.  In  the  coincidence  mode  (250  microsecond),  the  s  mming 
interval  was  40  seconds  or  more.  The  average  count  per  40  seconds  for  background  of  2s  or  more 
was  approximately  0.4.  An  increase  of  5  or  more  counts  in  several  time  bins  would  be  significant. 
While  only  two  neutrons  are  needed  for  a  coincident  event,  to  consistently  detect  bursts  at  the  level 
indicated  for  the  gross-count  measurement,  the  event  should  produce  10s  to  100s  of  neutrons 
(because  of  the  efficiency  factor)  and  the  overall  production  rate  comparable  to  the  gross  count  test 
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(because  of  the  efficiency  factor)  and  the  overall  production  rate  comparable  to  the  gross  count  test 
with  a  1-minute  integration  period.  That  is,  the  bursts  must  come  often  enough  to  maintain  a  gross- 
count  rate  as  indicated  above. 

There  were  no  significant  differences  in  total  or  coincident  neutron  count  rates  between  the 
known  background  data  and  the  data  recorded  during  the  temperature  cycles.  With  one  exception, 
the  count  rate  c  stributions  for  both  types  of  measurements  followed  poisson  statistics.  The  exception, 
50  sets  of  2  or  more  neutrons/50  milliseconds  in  a  period  of  204.8  seconds,  4096  bins,  when  the 
average  number  for  that  period  was  6,  cannot  be  explained  as  a  statistical  oddity.  The  total  number  of 
neutrons  in  the  204.8  seconds  was  slightly  less  than  the  average  for  that  period  calculated  for  all  the 
measurements.  Most  of  the  multiple  events  were  distributed  randomly  over  the  whole  204.8-second 
measurement,  and  the  204.8-second  data  sets  just  before  and  just  after  the  anomaly  were  close  to  the 
mean  in  terms  of  total  count  and  multiple  neutrons  per  time  bin.  Because  the  total  count  in  the  data 
set  did  not  increase  and  the  excess  multiple  count  appeared  spread  throughout  the  one  data  set  but 
not  in  the  data  sets  before  or  after,  it  appears  the  excess  is  a  recordin,  glitch  rather  than  a  string  of 
multiple  neutron  events  in  the  pressure  vessel. 

The  only  conclusion  that  can  be  drawn  from  the  measurements  is  there  were  no  neutron  events 
above  background  and,  hence,  if  there  is  an  effect  it  is  too  small  to  be  observed  with  the  present 
monitoring  scheme. 


CALORIMETRY 


One  consensus  reached  at  the  Cold  Fusion  Workshop  (Sante  Fe,  May  1989)  was  that  to  properly 
measure  the  total  energy  flux  in  a  CNF  cell  some  sort  of  closed  cell  calorimetry  would  be  required. 
The  original  claims  of  enormous  excess  heat  production  of  these  type  of  cells  were  based  on  open  cell 
calorimetry,  in  which  elaborate  calculations  and  assumptions  were  required  to  determine  quantitative 
heat  fluxes  (reference  12).  Moreover,  an  open  cell  requires  constant  replenishment  of  the  electrolyte 
as  the  experiment  progresses,  allowing  the  possibility  of  contamination  of  the  system  and  complicating 
the  calorimetry. 

In  the  closed  system,  on  the  other  hand,  the  cell  is  sealed  immediately  after  the  expulsion  of 
excess  oxygen  (used  to  determine  the  degree  of  D  loading  of  the  palladium  electrode)  and  remains 
sealed  through  the  rest  of  the  experiment.  In  the  cell  is  a  catalyst  that  recombines  the  liberated  deute¬ 
rium  and  oxygen  as  it  is  produced,  this  greatly  simplifies  the  subsequent  energy  analysis.  The  entire 
cell  is  submerged  in  a  constant  temperature  water  bath.  The  water  bath  temperature  is  maintained  at 
an  elevated  temperature  relative  to  the  room  temperature  by  an  immersion  heater  the  power  to  which 
is  continuously  monitored.  Power  to  the  cell  also  is  continuously  monitored,  and  any  change  in  heat 
output  from  the  cell  is  determined  by  observing  fluctuations  in  heater  power  required  to  maintain  con¬ 
stant  temperature.  This  continuous  record  of  power  in  the  system  is  integrated  at  the  conclusion  of  the 
experiment  to  determine  total  energy  supplied  to  and  received  from  the  cell.  This  technique  requires 
far  fewer  assumptions  to  calibrate  and  maintain  than  the  open  cell  method. 

We  have  built  such  a  closed  cell  system  for  the  determination  of  total  energy  output  of  our  cells. 
Figure  6  shows  the  setup  for  a  single  cell;  however,  the  computer  is  capable  of  handling  up  to  six  cells 
simultaneously.  The  loop  labeled  Pt  is  meant  to  represent  the  catalyst  for  the  recombination  of  deute¬ 
rium  and  oxygen.  Originally,  it  was  to  be  made  of  platinum  but  was  subsequently  replaced  with  a 
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Figure  6.  Pons-Fleischmann-Hawkins  cell  schematic. 


device  called  a  Catalator  from  Hydro-Cap  Corporation.  This  particular  catalyst  is  capable  of  recombin¬ 
ing  3  amperes  of  hydrogen  continuously.  The  water  bath  temperature  is  continuously  monitored  by  the 
computer  through  the  use  of  a  thermocouple  (TC).  Observed  temperature  fluctuations  are  compen¬ 
sated  for  by  the  controllable  power  supply  attached  to  the  immersion  heater.  At  the  same  time,  power 
to  the  heater  and  power  to  the  cell  are  collected  by  the  computer  and  along  with  temperature  are 
written  to  mass  storage.  To  store  the  massive  amounts  of  data  to  be  collected,  it  was  originally  decided 
to  use  digital  audio  tape  (DAT)  technology  and,  in  fact,  the  tape  units  were  purchased;  however,  the 
required  interface  software  was  not  written  so  resources  could  be  shifted  to  the  (by  then)  more  prom¬ 
ising  fractofusion  work.  Nevertheless,  there  is  a  limited  data  storage  capability  on  a  hard  disk  that 
would  be  adequate  for  calibration  and  short  runs.  Should  more  information  become  available  in  the 
future  on  the  construction  of  working  CNF  cells,  this  monitoring  system  is  available  and  on  the  shelf. 

ELECTROCHEMICAL  CELLS 


We  have  constructed  three  electrochemical  cells  from  the  description  given  by  Pons,  et  ah,  (refer¬ 
ence  1)  and  what  additional  information  we  have  been  able  to  obtain.  The  physical  construction  of 
the  cells  is  described  in  appendix  B.  With  two  of  these  cells  and  two  earlier  cells,  we  have  a  com¬ 
bined  observation  time  of  over  500  hours  without  the  detection  of  a  single  neutron  that  cannot  be 
readily  explained  by  the  natural  neutron  background.  With  one  of  the  earlier  cells  (without 
calorimetry),  we  observed  a  rise  in  heat  output  relative  to  a  control  cell  (H20),  however  there  was  no 
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neutron  signal.  Along  with  this  rise  in  heat  output,  we  also  noted  a  rise  in  cell  resistance,  and  since 
the  cell  was  being  operated  at  constant  current,  the  11 2R  heating  was  probably  responsible  for  the 
increased  heat.  After  the  completion  of  this  particular  run,  we  sent  the  electrodes  to  Sandia  National 
Lab  to  be  analyzed  for  3He  and  4 5 6 7 8He.  The  results  were  negative  (reference  13).  During  this  run  we 
were  also  monitoring  for  gamma  rays.  None  above  background  was  seen.  It  was  this  experience  that 
convinced  us  to  redesign  our  cells  around  Teflon,  since  the  consensus  in  the  field  was  that  the  alkali 
electrolyte  was  leaching  contaminants  from  the  glassware  causing  unpredictable  results. 

Considerable  effort  went  into  the  construction  of  these  cells  to  assure  a  minimum  of  contamina¬ 
tion,  and  the  cells  are  unique  in  this  field  having  been  constructed  of  Teflon.  Should,  at  some  future 
date,  additional  information  become  available  these  cells  will  be  on  the  shelf  and  ready  for  modifica¬ 
tion  with  minimum  effort. 


CONCLUSIONS 


We  believe,  based  on  our  own  laboratory  experience,  reading  published  work,  talking  with  others 
working  in  the  field,  and  attending  CNF  conferences,  that  CNF  is  probably  chimera  and  will  go  the 
way  of  N-rays  and  polywater.  To  date,  no  one,  including  Pons  and  Fleischmann,  has  been  able  to 
construct  a  so-called  CNF  electrochemical  cell  that  will  produce  excess  heat  (presumably  from  fusion) 
and  the  necessary  nuclear  particles  simultaneously  and  on  demand.  (Pons’  promised  paper,  which  was 
to  give  a  detailed  description  on  how  to  construct  a  working  cell,  never  appeared).  All  of  the  positive 
results  of  which  we  are  aware  are  very  marginal  (i.e.,  low  signal-to-noise  ratio)  or  suffer  from  misin¬ 
terpretation  or  blunder.  In  one  case  even  fraud  has  been  suggested  (reference  14). 

On  the  other  hand,  in  spite  of  our  negative  results  with  fractofusion,  we  believe  this  phenomenon 
may  have  practical  application  for  the  Navy  as  a  controllable  neutron  source  and  that  warrants  further 
study.  Fractoemission  is  a  real,  demonstrable  effect,  which  can  be  explained  entirely  within  the  frame¬ 
work  of  known  electromagnetic  processes.  Fractofusion  is  a  plausible  extension  of  this  effect  based  on 
known  nuclear  processes.  As  such,  we  believe  it  to  be  a  legitimate  area  of  research  and  development. 
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APPENDIX  A 

PORTABLE  NEUTRON 
ARRAY 
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PORTABLE  NEUTRON  ARRAY 


A  compact,  self-contained  neutron  instrument  utilizing  a  sandwich  detector  array 
has  been  designed.  The  array  design  was  optimized  for  detecting  a  "moderated"  fission 
source  over  ground  at  a  range  of  100  ft.  The  array  contains  34  ^He  tubes  and  consists 
of  an  outer,  thermal-neutron  detector  comprising  a  bare  layer  of  tubes  completely 
surrounding  the  array,  and  an  inner ,, fast-neutron  detector  comprising  10  tubes  imbedded 
in  a  polyethylene  moderator.  The  instrument  will  be  housed  in  a  light-weight  aluminum 
briefcase  and  will  be  completely  self-contained  with  rechargeable  batteries  and  a 
cassette  recorder  for  a  permanent  time-history  recording  of  the  neutron  pulse-rate 
from  the  detector.  The  main  power  switches  will  be  internal,  and  the  operating  controls 
will  be  accessible  through  a  1"  X  3"  port  near  the  handle.  A  digital  readout  display 
will  also  be  visible  through  this  port.  The  functional  aspects  of  the  displays  and 
controls  were  designed  to  meet  two  objectives:  (1)  to  evaluate  different  readout  and 
data  analysis  concepts,  and  (2)  to  provide  a  device  which  could  be  used  on  an  interim 
basis  in  the  field. 

Following  is  a  list  of  design  specifications  and  a  brief  description  of  the 
operation  of  the  instrument. 

DESIGN  SPECIFICATION: 

Instrument  Size  and  Weight:  5-3/4"  wide  X  13"  high  X  21"  long  and  35  lbs. 

Detector  Array:  Size  and  Weight:  4-3/4"  X  10-9/16"  X  20"  and  24  lbs.  Tube  Comple¬ 
ment:  34  3-atm.  pressure,  1"  diam.  ^He  proportional  counters,  17-3/4"  sensitive 
length.  Sensitivity:  1  cps  (net)  for  a  2X10^  n/sec  "moderated"  fission  source 
100  ft  away  and  7  ft  above  the  ground;  2  cps  background. 

Controls:  Internal:  Power  On;  Detector  On;  Clock  Reset.  Operating :  Display  On;  Record 
On;  Count/Rate  Mode  Selector. 

Displays:  Four  3-digit,  7-segment  LED  display  registers;  one  register  for  time  and 
three  for  neutron  data. 

Recording:  Incremental  cassette  recorder;  12-bit  serial  data  word,  2-track  compli¬ 
mentary  NEZI  format;  10  words /sec ;  «v4  hrs  continuous  recording  per  cassette. 

Battery  Complement  and  Life:  10  size  "C"  i.echargeable  NiCd  batteries;  nominal  12  hrs 
life  with  continuous  readout  display  and  recording. 

OPERATION : 

Internal  Controls  -  The  "Power"  switch  is  the  overall  on-off  control  and  by  itself  turns 
on  a  master  clock  which  provides  a  time  base  for  an  entire  operational  event.  This  can 
be  nearly  3  days  long  if  the  instrument  usage  during  this  period  is  less  than  the  opera¬ 
tional  battery  life.  The  "Detector"  switch  turns  the  remainder  of  the  instrument  on. 

Operating  Controls  -  The  "Display"  and  "Record"  switches  enable  these  functions  to  be 
turned  off  when  not  needed  to  conserve  battery  power  and  recorder  tape.  The  mode  switch 
selects  one  of  two  operating  modes  of  the  instrument.  In  the  "Count"  mode,  the  instrument 
is  a  manually  controlled  3-channel  counter;  the  four  registers  display  the  number  of 
pulses  from  the  inner  fast-neutron  detector,  the  front-thermal  and  back- thermal  detectors, 
and  the  counting  time  in  seconds,  respectively.  In  the  "Rate)  mode,  all  three  neutron  data 
registers  indicate  the  gross  counting  rate  from  the  detector,  each  register  having  a  dif¬ 
ferent  time  base.  These  are  1,  10,  &  30  seconds.  A  buffer  storage  is  used  so  that  the 
display  "holds"  for  the  duration  of  the  time  base.  The  running  time  in  seconds  is 
displayed  on  the  "Time"  register  which  is  reset  every  480  seconds  (8  min)  and  is 
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synchronized  to  Che  master  clock  and  recorder.  This  allows  correlation  of  events 
and  recorded  data  to  the  nearest  second. 


Recorder  -  Recording  is  at  a  precise  rate  of  1  word  every  0.1  sec.  Each  word  consists 
of  three  4-bit  binary  numbers  which  represent  the  number  of  counts  from  each  section 
(front,  back  and  inner)  of  the  detector  during  the  0.1  sec  period.  The  probability 
of  overflow  of  the  4-bit  number  (  zJ.5  counts)  is  essentially  2ero  at  races  of  60 
c/second^Iess  than  0.1  at  100  c/sec  per  detector  section.  A  file  mark  (blank  word) 
followed  by  the  running  time  in  minutes  is  recorded  every  8  minutes  and  whenever 
the  recorder  is  turned  on  or  off. 
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COMPARISON  OF  MK-IO  &  NUC  DETECTOR  EFFICIENCIES 


(ACCESSIBLE  THROUGH  PORT) 


ON  ON  RESET 


POWER  DETECTOR  CLOCK 


^  I  H  i  E  R  M  A 1 l) 


DE  t  t  CTOR  CONTROL/D  IS  PLAY  ARRANGEMENT 
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INSTRUMENT  RESPONSE  TO  A  252CF  SOURCE  AT 
VARIOUS  DISTANCES  OVER  LAND  AND  OVER  WATER 
Source  Strength:  2.6lxl0^  n/s 


p 

Source'1- 

Conf igurat ion 

Distance 

(ft) 

Fraction 
in  Each 

of  Counting  Rate 
Detector  Section 

Counting 

Ratel 

Front 

Midd le 

Back 

(c/s) 

Over  Land 3 

25 

.34 

.48 

.18 

150  ±1.1 

50 

.37 

.44 

.19 

40.4  ±.5 

100 

.35 

.44 

.21 

11.8  ±.2 

'  175 

.35 

.40 

.25 

4.4  ±.1 

Over  Water*1 

176 

.42 

.31 

.27 

mi 

Background 

Over  Land 3 

-- 

.30 

.39 

.30 

1.72  ±.04 

Over  Water*4" 

— 

.35 

.33 

.32 

1.67  ±.03 

Notes  : 

1.  Background  subtracted. 

2.  Source  in  PD-CH2  Moderator. 

3.  Source  3  ft  above,  asphalt  pavement;  detectors  on  pavement. 

4.  Source  on  edge  of  wooden  pier,  4|  ft  above  water. 

Detectors  4  ft  back  from  or  adjacent  wooden  pier, 

7f  ft  above  water.  Source  and  detectors  l60  ft  from 
shoreline . 
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COUNTS/0.5  SECOND  INTERVAL 


Hi  i  i  i  i-l'Tri-  i  ;  rr-r—|— ■ ■;  ;  :  i  ,  ,  i  i4 :  i  7  ,  i  :  ■  r  i  1  :  i  i  ■  !  :  1  ' 

DETECTION  PROBABILITY,  Pd,  VS,  COUNTING  TIME  E± 
FOR  DIFFERENT  FALSE-ALARM  PROBABILITIES,  Pb. 

SOURCE  PASSING  BY  DETECTOR  AT  120  MPH  j~~r 
PASS-BY  DISTANCE  =  20  FT  rd 

SOURCE  STRENGTH  =  2  X  10^  N/SEC  ^4 


1.5  2.0 

COUNTING  TIME  -  SECONDS 


1.0 


2.5 


3.0 


INSTRUMENT  ENERGI-DIRECTIONAL  RESPO*NSE 


Source!  & 

Direotlon2 

Fraction 
in  Each 

of  Counting  Rate 
Detector  Section 

Sensitivity 
(ops  per 
n/cm2-8eo) 

Front 

Middle 

Back 

252cf 

Front 

.18  ' 

.66 

.16 

147 

(~2Mev) 

Back 

.17 

.66 

.16 

146 

Top 

.21 

.62 

.17 

66 

Left 

.21 

.63 

.17 

4i 

Right 

.19 

.62 

.19 

43 

• 

Bottom 

!  .20 

.63 

.17 

72 

l2*Sb-Be 

Front 

.29 

.60 

.11 

370 

(25Kev) 

Back 

.18 

.62 

.19 

362 

Top 

.31 

.51 

.18 

116 

Left 

.27 

.57 

.16 

84 

Right 

.24 

.57 

.19 

82 

Bottom 

.27 

.55 

.18 

1*5 

Thermal  3 

Front 

.82 

.15 

.03 

875 

Back 

.03 

.17 

.80 

813 

Top 

.50 

.11 

.39 

149 

Left 

.*5 

.18 

.37 

89 

Right 

.*1 

.21 

.38 

108 

Bottom 

.4? 

.08 

.**5 

404 

Notes : 

1.  Instrument  on  tower  10  ft  above  pavement.  Source 
suspended  approximately  5  ft  above  instrument. 


2.  Denotes  side  of  instrument  facing  source. 

3.  252Cf  source  in  6-cm  wall  CH2  sphere.  Thermal 
response  obtained  from  the  difference  countrate 
with  sphere  bare  and  with  a  .0075"  thick  Cd  cover. 
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COMPARISON!  CF  N'JC  D&T2CTCR  AND  Ntfc-'.O  RESPONSES  TO 
NiSUTSON  SO'JR.C=‘S  C D'F-£Z.=.\]T  ^.^c'cLAIr  5 


f - “ 

SOURCE© 

COUNTING  RA7£ 

(D/S) 

1 

|  CONFIGURATION 

STRENGTH 

("/s) 

DISTANCE 

(inches) 

NUC 

MX- 10® 

RATIO 

NUC 

MR-10 

,24Sb-  Be 

2.3XI04 

40 

63^ 

4  1  *•’ 

1.  S’ 

2  7 

1  7 

-252  CL  -  IO6 
BARF 

2. .  S  X  lO6 

72 

i  ooo±6 

1  L2 

moderated® 

1 .9  X  !Ofa 

6  <0 

■2aOo*8 

— 

32 

-  — 

(?) 

MOD.  w/Cd 

I.  S  ><  JOfe 

GO 

I5  1fln 

2.-2- 

__  ^ 

THERMAL® 

A. 3  X/Ob" 

GO 

l  320 

67 

— 

292  Cf  -  to5 
BAR.?* 

72 

1  9  5* 2,4 

MO-1 

f  .8 

n.4 

6.3 

MODERATED 

5  -2  X/O5" 

GO 

420  ‘  * 

1.9 

34- 

17 

MOO.  w/Cct 

4.  !  XfOs 

GO 

3*764  l,fc 

Hi 

20 

13 

THERMAL 

i  .lyio5- 

,o 

443  ' 

m 

ft  4- 

J>) 

2*2Cf  -  1  04 

e>A^.z 

2.  <a  XIOA 

72 

e.n--' 

H 

n 

~7.  6 

MODERATE  D 

I  .OX  (O'* 

GO 

2  6.7 

HES 

1  .7 

30 

\  7 

MOD.  w/Cd. 

I.DK/O4' 

GO 

1  4.51  -1 

n 

13 

thermal 

_ 

4TX  /O’ 

GO 

I2.2^ 

n 

a 

G  3 

32. 

Vi'OT=S: 

L  DETECTOR  ON  TOWER.  IO  FT.  A^OVE!  A  ^P|l-'A'-T  PAVEMEMT  j  ‘bOOR.CE 

Direct i_v  a^ode  detector..  c  aqmiuna  su^ett  j  .oioiithk.j  Placed 
UNO?  A.  DETeAT-DJ'A.  . 

2.  E  «=-  =  1C.  SEkiCV  3  A  S  F  D  CM  FRONTAL  A.R.EA  O  ETECTOR.  <0  U  S  IN  C-) 

NOC  detect  OF  -  I  O  V,b  "  X  ZC  "  ;  VMC-’O  =  IZ"  X  is" 

3.  COUNTING  rates  cotrectso  FOR  .2?  iWSEC  OCAOT/ME 

4U  MODERATOR.  -  fo"  D'A.  CPt_  STWE  RE  WT-I  6>  C’A.  WALL  T  m  \  CRAVF  C  i  . 

NAD  OE  RAT OR  COVERED  N!Tr\  .  CC T?"  Ti;V.  CAOlAl'jM  Cv'.FLL 

6.  ’AERyiAv  SOV2.CC  -  DlFFDLSMCr.  CT  V  DDE  27  -  v  R.  N\TV\  R  W\'r'J0'J-r  CADlAi'JVN 

7.  CO L * aT  !MO  TiV'E  o s»C- R— A. : ; —  v 


A-J2 


APPENDIX  B 


CONSTRUCTION  OF  CELLS 


To  reduce  the  possibility  of  contamination  of  the  electrolyte  or  palladium  cathode,  inert  materials 
were  chosen  for  the  construction  of  the  electrolytic  cells.  The  basic  container  (figure  B-l)  was  a 
Nalage  FEP  Teflon  wide-mouth  bottle,  with  a  modified  screw  closure  to  act  as  a  compression  fitting. 
The  cell  framework  was  made  from  a  solid  TFE  Teflon  rod  to  insure  gas-tight  integrity.  Electrode 
penetrations  were  made  from  316  stainless  steel,  as  were  all  of  the  tube  fittings.  The  anode  was  made 
by  winding  pure  platinum  wire  into  precut  groves  on  the  outside  of  the  framework  (38  mm  diameter 
X  55  mm  high),  and  the  wire  was  insulated  with  FEP  Teflon  “spaghetti”  on  its  return  length  up  to 
the  stainless  steel  connector.  The  gas  recombination  catalyst  was  a  commercial  unit  designed  to  handle 
the  gas  volume  generated  by  a  3-amp  discharge  rate  and  was  suspended  by  a  platinum  wire  approxi¬ 
mately  25  mm  above  the  electrolyte.  The  cathode  was  a  "fusion  grade”  pure  palladium  purchased 
from  Johnson  Matthey.  The  cathode  measured  6.35  mm  diameter  X  3.85  mm  to  allow  for  a  1-amp/ 
cm2  current  rate  through  the  cell.  The  cathode  was  fused  to  its  supporting  platinum  wire  and  then 
baked  in  a  vacuum  oven  at  475°C  @  10‘5  torr  for  72  hrs.  The  cathode  was  then  cooled  to  room  tem¬ 
perature  still  under  vacuum,  and  the  oven  chamber  was  backfilled  with  pure  argon  were  the  cathode 
remained  for  48  hours  before  being  assembled  into  the  cell.  The  electrolyte  was  made  from  natural 
isotopic  abundance  lithium  and  99.9%  deuterium  oxide,  supplied  by  Isotec  Inc.,  at  a  concentration  of 
0.1  molar.  All  preparations  and  cell  assembly  were  carried  out  in  an  argon  glove  box  to  reduce  the 
chance  of  hydrogen  uptake  by  both  the  palladium  and  the  deuterium  oxide. 
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CATHODE  LEAD 


Figure  B-l.  CNF  cell. 
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HELIUM  MEASUREMENTS  IN 
COLD  FUSION  PALLADIUM 
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Helium  Measurements  in  "Cold  Fusion"  Palladium* 


B.  M.  Oliver 
Rockwell  International 
Rocketdyne  Division 
Canoga  Park,  CA  91303 

and 

K.  L.  Wilson 

Sandia  National  Laboratories 
Livermore,  CA  94551 


Abstract 

The  detection  of  helium  products  would  be  a  most  compelling  piece  of  evidence  that  "cold 
fusion"  is  occurring  in  palladium  electrochemical  cells.  In  this  paper  we  report  on  mass 
spectrometric  measurements  of  helium  (3  He  and  ^He)  released  from  palladium  samples 
through  vaporization.  Extensive  measurements  conducted  by  Sandia  National  Laboratories 
on  helium-implanted  metals  and  metal  hydrides  have  conclusively  demonstrated  that  helium 
is  not  released  at  ambient  temperatures  until  a  He/metal  concentration  ratio  of  =  0.4  is 
achieved.  If  we  assume  that  "cold  fusion"  events  are  creating  helium  in  the  palladium 
electrode  with  Q  =  23.84  MeV,  then  one  watt  of  fusion  power  would  correspond  to  a  helium 
production  rate  in  the  palladium  of  2.5  x  10*  l  ^He/s. 

While  this  potential  production  rate  is  orders  of  magnitude  below  that  required  for 
spontaneous  release,  it  can  be  detected  by  mass  spectrometry  of  vaporized  samples.  In  the 
Rockwell  International  measurements,  10-50  milligram  size  samples  were  vaporized  under 
vacuum  and  all  gases  were  passed  through  multiple  getter  stages  to  remove  unwanted 
gases,  including  hydrogen  isotopes.  The  helium  concentrations  were  then  measured  using  a 
precision  mass  spectrometer.  Absolute  calibration  of  the  system  was  verified  using 
palladium  samples  implanted  with  700  keV  ^He  ions.  The  ultimate  detection  level  of  the 
system  is  =  1  x  10*0  helium  atoms  (either  ^He  or  ^He  or  both)  per  gram  of  palladium. 
Results  of  helium  measurements  conducted  for  a  number  of  U.S.  laboratories  are  presented. 
In  no  case  was  there  any  "cold  fusion"  helium  detected  above  system  background  for 
palladium  electrodes  used  typically  for  1-2  weeks,  implying  a  maximum  time-averaged  "cold 
fusion"  r<ue  of  less  than  0.1  microwatts. 
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Helium  is  Retained  in  Metal  Tritides  Until  Its 
Concentration  Exceeds  0.1  Helium/Metal  Ratio 


M.  E.  Malinowski  (1976) 
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Helium  is  Retained  in  Palladium  to  Elevated 
Temperatures 
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ANNEALING  TEMPERATURE 


Our  computations  show  that  helium  atoms  force  metal 
atoms  from  their  natural  position  to  create  bubbles 


Molecular  Dynamics  Calculations 
Using  the  Embedded  Atom 
Method  Predict  He  Bubble 
Formation  in  PdT0  6 
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AN  ACCURATELY  AND  INDEPENDENTLY  DETERMINE  TRITIUM  IN 
OLIDS  OR  LIQUIDS  BY  MEASUREMENT  OF  DECAY  PRODUCT,  3he 

-  INDEPENDENT  METHOD  FROM  NUCLEAR  MEASUREMENTS 


MASS  SPECTROMETER  SYSTEM 
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SECTION  OF  HELIUM  "SPIKE"  SYSTEM 
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ANALYSIS  LINE  FOR  TRITIUM  SOLUTIONS  4 
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WATER  SAMPLE 
(0  5  t  .5  mV) 
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CALIBRATION  VERIFICATION  OF  MASS 
SPECTROMETER  SYSTEM 
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HELIUM  ANALYSIS  PROCEDURE  FOR 
PALLADIUM 
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HELIUM  ANALYSIS  RESULTS  ON 
"COLD  FUSION"  PALLADIUM 
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